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ABSTRACT 
Objective: Assess the impact of a snack bag program on the dietary intake of collegiate 
female field hockey players.  
Methods: One-group, pretest-posttest design. Participants received snack bags weekly 
for eight weeks. Dietary intake and body composition data were collected at baseline and 
week nine, one week after the end of the program. 
Results: The sample consisted of 22 female athletes. From baseline to post-intervention, 
there were significant decreases in absolute intakes of energy, fat, saturated fat, vitamin 
d, iron and calcium as well percent body fat (p<0.05), though body weight did not 
change. Lean body mass, in pounds, significantly increased from baseline to post-
intervention. Protein and carbohydrate intake declined in grams and g/kg body weight 
(p<0.05), though percent energy was unchanged. However there was a significant 
decrease in sodium and a significant increase in vitamin C intake (p<0.05). 
Conclusions and Implications: Despite satisfaction with the program, improved intakes 
were observed for only select nutrients. The impact of the snack bag program needs to be 
further explored. 
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PREFACE 
The following manuscript is written in journal format according to the guidelines of 
Journal of Nutrition Education and Behavior, Research Briefs Section. This paper was 
written in collaboration with Dr. Christine Karpinski, PhD, RD, CSSD, LDN, at West 
Chester University in West Chester, PA. 
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INTRODUCTION 
 Collegiate athletes are a population with unique nutritional needs that can 
influence their body composition, as well as athletic performance. They also face the 
same barriers to healthy eating as other college students including 24-hour access to 
nutrient poor food, new independence, larger academic workload, lack of transportation, 
limited meal preparation skills, a hectic schedule and social pressures.1-4 Athletes must 
achieve a positive energy balance to maintain and regenerate lean muscle mass and 
ensure adequate glycogen availability.5 Based on average intake estimates determined 
from 3-day records, collegiate athletes are often under-fueled and frequently consume 
inadequate overall calories and carbohydrates relative to their needs.5-12 Collegiate 
athletes’ diets also frequently contain a high percentage of unhealthy fat and sodium and 
inadequate fruits and vegetables.1,11,13,14 These trends could be due to their reliance on 
packaged snack foods and fast foods.3,15 Athlete diets are also low in several key 
micronutrients including iron, calcium, vitamin D, antioxidants (e.g. vitamins C and E), 
and fiber.16 By improving their dietary habits, collegiate athletes could potentially 
improve their health and athletic performance.  
 Many NCAA Division I athletic programs have recognized the nutritional risks of 
their student-athletes and responded by developing and funding full-scale nutrition 
services programs. Despite the increasing number of programs that provide nutrition to 
collegiate athletes, there is a paucity of literature that supports the effectiveness of these 
practices. There are currently no Divisions II or II schools that routinely provide meals or 
snacks to their athletes.  
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 The purpose of this pilot project is to (1) plan and implement a snack bag program 
for the field hockey team at a Division II University, (2) assess the pre-intervention 
dietary intake of the athletes receiving the snack bags, and (3) assess the impact of a 
snack bag program on the nutritional intake of collegiate athletes. 
METHODS 
Study Design and Participants   
The study was a one-group pretest-posttest design. The participants in this study 
were members of a women’s NCAA Division II field hockey team. In order to generate 
interest in the study, the coaches described the study to the team during pre-season 
(August 15–26, 2016) using a specific recruitment script. Interested athletes wrote their 
name and contact information on a list if they were interested in participating. It was 
emphasized that participation in the study was completely voluntary and no athlete would 
be subject to negative actions if they chose to not participate or withdraw from the study. 
There were 24 athletes on the team at the start of the season, and 23 athletes participated 
in the study (n=23, 95% participation). 
Snack Bag Program   
The snack bag program involved distributing healthy snacks to the athletes at the 
beginning of each week for eight consecutive weeks during the competitive season. The 
food items were placed in insulated nylon bags and the bags were placed in the team 
locker room for pick up after practice at the beginning of each week. There were two sets 
of snacks that alternated each week. Snack combinations included sources of 
carbohydrates and protein for energy and muscle repair as well as fruits, vegetables, and 
healthy fats.  
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 At the halfway point of the 8-week snack bag program, a brief satisfaction survey 
was conducted. The survey was created in Qualtrics (www.qualtrics.com) and distributed 
electronically to the field hockey team. The goal of the survey was the gain insight to the 
snacking habits of the athletes as well as to provide feedback on the snacks they had been 
receiving. The survey results were used to make modifications to the snack bag choices 
and provided valuable information for future snack bag programs for field hockey or 
other athletic teams. 
Body Composition Measures 
Anthropometric measures were taken at baseline and week nine, one week after 
the end of the snack bag program. Height was measured with a wall-mounted stadiometer 
and weight was measured with an electronic platform scale calibrated to work in 
conjunction with the Bod Pod. A Bod Pod (Cosmed www.bodpod.com) was used to 
measure percent body fat and to calculate resting metabolic rate (RMR) and total energy 
expenditure (TEE). The Brozek equation, which is recommended for lean individuals, 
was used to calculate body density.17 RMR was calculated using the Nelson Prediction 
Equation.18 TEE was calculated using an activity factor of 1.9 (very active).  
Dietary Intake 
3-day records are the most widely used method for athlete dietary recalls in a 
meta-analysis of over 200 studies. 1-day records or 24-hour recalls do not account for 
daily intake variability while 7-day records create unnecessary participant burden. Diet 
recalls are not typically used for athletes.19 Athletes tracked their nutritional intake for 
three consecutive days prior to the implementation of the snack bag program, and again 
the week after the snack bag program ended (week 9). Athletes used the free mobile 
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phone application, MyFitnessPal (www.myfitnesspal.com), to track their diet. Use of 
electronic applications greatly reduces participant burden in completing dietary records. 
Raatz et al. did not find significant differences between mean nutrient intakes between 
dietitian-analyzed dietary records and electronic diet estimates.20 The researchers 
reviewed all food logs and the athlete was contacted if confirmation or clarification was 
necessary. The diet entries were then analyzed using ESHA Food Processor for 
macronutrient, micronutrient, and food group intakes. Dietary supplements were 
excluded from dietary analysis.  
Calories, macronutrient (grams of carbohydrate, protein, and fat) and fiber 
(grams) were tracked. Total daily calories were compared to the calculated total energy 
expenditure (TEE). The mean macronutrient intake was compared to nationally 
recognized recommendations. The micronutrients vitamin C, D, E, iron, sodium, 
potassium and calcium were also tracked and compared to the dietary reference intakes 
(DRIs). 
Data Analysis 
Data analysis was done using SPSS (version 23.0, 2015, IBM, Armonk, NY). 
Descriptive statistics were used to analyze and report demographic data. A paired sample 
t-test was employed to look for differences in three-day average intake of macronutrients, 
fiber, and key micronutrients at baseline and post-intervention. Dietary intakes were log-
transformed when appropriate to improve normality for statistical analysis. An a priori 
alpha level was set at ≤ 0.05.		 
 
RESULTS 
 
Characteristics of the sample 
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 The sample consisted of 24 athletes on the NCAA Division II field hockey team 
at the start of the season. 23 athletes participated in the study since one athlete was 
excluded from the study due to separation from the team (n=23, 95% participation). The 
athletes ranged in age from 18–21 years (Table 1). 30% of athletes were freshmen (n=7), 
30% were sophomores (n=7), 18% were juniors (n=4), and 22% were seniors (n=5). 30% 
lived in dormitories (n=7) and 70% lived in off-campus apartments (n=16). Player 
positions included offense (n=7), midfield (n=8), defense (n=6), and goalie (n=2). The 
mean athlete body fat percentage significantly decreased 2.1 percent (p<0.05) while the 
mean lean body mass significantly increased 3.4 pounds (Table 1). Eighty-three percent 
of the athletes’ body fat decreased from baseline to post-intervention (n=19).  
Table 1: Anthropometric Data of Sample of NCAA DII Athletes (n=23) 
 Baseline Post 
 Mean ± SD Range Mean ± SD Range 
Age, years 19.4 ± 1.1 18.0-21.0 --- --- 
Height, inches 63.7 ± 2.0 59.0-66.6 --- --- 
Weight, pounds 137.8± 16.9 109.7-167.5 138.4 ± 16.1 115.9-170.3 
Body Fat, % 23.4 ± 5.6 12.5-33.9 21.3 ± 5.6*** 10.1-31.4 
Lean Body  
Mass, pounds 104.9 ± 10.1 87.5-125.0 108.3 ± 9.0
*** 92.4-124.9 
***p<0.05 
 
Energy and Macronutrients 
 
 The 3-day mean energy and macronutrient intakes of the athletes are shown in 
Table 2. Twenty-two (92%) athletes completed a pre-season 3-day food log while 
twenty-one (88%) athletes completed a post-intervention log. Only 18 percent of 
individual athletes met their calculated calorie needs during the pre-season and no 
athletes met their calorie needs during the post-intervention (n=4, n=0). Carbohydrate 
recommendations for athletes range from 6-10 g/kg body weight.16 The mean 
carbohydrate intake was 4.4 g/kg and 3.3 g/kg for pre-season and post-intervention 
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respectively (Table 2). Protein recommendations for athletes are 1.2-2.0 g/kg.16 The mean 
protein intake significantly decreased from 1.3 g/kg to 1.1 g/kg from pre-season and post-
intervention (Table 2). The optimal range for total fat is 20–35% of total calories.21 The 
mean fat intake was 35 percent and 36 percent of total calories for pre- and post-
intervention. The American Heart Association currently recommends limiting the amount 
of saturated fat to less than 7 percent of total daily calories consumed. Only 9 percent and 
14 percent of individual athletes met this recommendation during pre- and post-
intervention respectively (n=2, n=3). Mean overall energy (kcal), fat (g), saturated fat (g), 
protein (g), and carbohydrate (g) intake significantly decreased between baseline and 
post-intervention (Table 2). 
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Table 2: Average Daily Energy and Macronutrient Intake of Sample  
 Baseline 
(n = 22) 
Post 
(n = 21) 
Sig 
(df=22) 
 Mean ± SD  Mean ± SD  
Energy    
    Kcal  2032 ± 431 1554 ± 359 p<0.05 
    TEE, % 84 58 p<0.05 
Total Fat    
    Grams 79 ± 18 61 ± 17 p<0.05 
    Energy, %a 35 36 p=0.587 
Saturated Fat    
    Grams 25 ± 9 18 ± 8 p<0.05 
    Energy, % 11 10 p=0.269 
Unsaturated Fat    
    Grams 11 ± 7 13± 9 p=0.201 
Protein    
    Grams 83 ± 17 67 ± 18 p<0.05 
    g/kg BWb 1.3 1.1 p<0.05 
    Energy, % 17 17 p=0.116 
Carbohydrates    
    Grams 269 ± 71 203 ± 56 p<0.05 
    g/kg BWc 4.4 3.3 p<0.05 
    Energy, % 53 52 p=0.593 
Dietary Fiber    
    Grams 23 ± 6 19 ± 8 p=0.095 
    % RDAd 92 78 p=0.095 
Note: TEE indicates Total Energy Expenditure, BW indicates body weight, RDA 
indicates Recommended Daily Allowance;  
aFat percentage recommendation: 25-35% total calories 
bProtein recommendation: 1.2-2.0 g/kg 
cCarbohydrate recommendation: 6-10 g/kg 
dRDA for dietary fiber: 25 g 
 
Micronutrients 
 The athletes’ 3-day mean micronutrient intakes pre and post-intervention are 
shown in Table 3. The athletes consumed an adequate amount of vitamin C (>75% RDA) 
during pre and post-intervention. While the mean calcium and iron intakes during pre-
season were adequate (77% RDA, 81% RDA) the post-intervention mean intakes were 
inadequate (56% RDA, 71% RDA). The mean intakes of vitamin d, vitamin E, and 
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potassium were inadequate during both pre-season and post-intervention (Table 3). None 
of the individual athletes met 75 percent of the RDA for vitamin D, vitamin E, or 
potassium during pre-season and post-intervention. 86% of individual athletes exceeded 
the Adequate Intake (AI) for sodium during pre-season while only 38% exceeded the AI 
during post-intervention (n=19, n=8). 
Table 3: Average Daily Micronutrient Intake of Sample  
 Baseline 
(n=22) 
Post 
(n=21) 
 
 
 Mean ± SD % RDA
a,b Mean ± SD % RDAa,b Sig (df=19) 
Vitamin C, 
mg 69.6 ± 44.9 97 80.5 ± 85.7 109 p<0.05 
Vitamin D, µg 2.3 ± 1.4 16 1.4 ± 1.1 9 p<0.05 
Vitamin E, 
   mg α-
tocopherol 
3.4 ± 3.1 22 4.3 ± 3.9 29 p=0.362 
Calcium, mg 835.2 ± 352.1 77 594.8 ± 225.8 56 p<0.05 
Iron, mg 13.8 ± 5.0 81 12.2 ± 3.2 71 p<0.05 
Potassium, mg 1589.8 ± 634.0 34 1333.7 ± 883.5 28 p=0.169 
Sodium, mg 2967.2 ± 754.3 129 2150.0 ± 849.3 93 p<0.05 
Note: RDA indicates Recommended Daily Allowance, AI indicates Adequate Intake 
aRDAs for Vitamin C, Calcium, and Iron for females 19-30: vit C-75 mg, vit D-15 mg, 
vit E-15 mg, calcium-1000 mg, iron–18 mg. The RDAs for those athletes aged 14-18 are: 
vit C-65 mg, calcium-1300 mg, iron-15 mg 
bNo RDA available for potassium and sodium. AI used for comparison: sodium-2300 mg, 
potassium-4700 mg 
 
Satisfaction Survey 
 The survey had a 78 percent completion rate (n=18). 100 percent (n=18) of 
participants who responded reported being satisfied or very satisfied with the overall 
snack bag program. When asked why they chose to eat the snacks in the snack bag, eight 
(44%) responded that they tasted good, one (6%) reported that the snacks helped fuel 
their workouts, 14 (78%) ate the snacks because they were healthy, one (6%) had no 
other snacks available, and nine (50%) ate the snacks because they were free. Nine (50%) 
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of athletes ate the snacks before practice, nine (50%) ate the snacks after practice, two 
(11%) ate them before or after games, nine (50%) ate them in the evening, and one (6%) 
ate them at meal times. When asked which snacks were their least favorite, the top 
responses were hard-boiled eggs (61%, n=11) and peanut butter and jelly sandwiches 
(22%, n=4). The last two questions allowed the athletes to suggest future snacks and 
improvements to the overall snack bag program. Four (22%) of athletes requested more 
fruit. Three noteworthy suggestions to improve the program included providing a list of 
brand names for the snacks that we packed into Ziplock bags, providing a “serving size” 
guide, and providing a general “snacking” outline that would include when would be 
ideal times. Based on survey results, snacks were adjusted for the final four weeks of the 
program. 
DISCUSSION 
 Based on the results of the pre and post-intervention 3-day records, the provision 
of a weekly snack bag did not significantly improve the dietary intake of these athletes. 
There were significant decreases in mean absolute intakes of energy, fat, protein, 
carbohydrate, saturated fat, vitamin d, iron and calcium (p<0.05). However there was a 
significant decrease in sodium and a significant increase in vitamin C intake (p<0.05). 
 The present study revealed that many athletes failed to meet current 
recommendations for energy both pre and post intervention. The mean intake during pre-
season was 2032 kcal/d while the post-intervention mean intake was significantly lower 
at 1554 kcal/d. The post-intervention mean energy intake is especially concerning, since 
no individual athletes met their energy needs and 33 percent did not even meet half of 
their needs (n=7). Despite the lower energy intakes, there was no evidence of weight loss 
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between pre-season and post-intervention. Prolonged periods of inadequate caloric intake 
can lead to loss of lean muscle mass, a compromised immune system, and slower 
recovery times.3,5 These findings are similar to other studies, which demonstrated female 
athletes did not consume adequate calories to support their needs.5-9,12  
 In addition to overall energy, the team’s mean carbohydrate intake was 
insufficient for maintaining glycogen stores both pre and post-intervention.22 At baseline, 
only three met the recommended 6-10 g/kg carbohydrates/day16, while post-intervention 
only one met the recommendation. In addition to overall carbohydrate recommendations, 
athletes did not follow carbohydrate timing recommendations, with less than one-third of 
the athletes replenishing carbohydrates during and post exercise with a sports drink at 
both baseline and post-intervention. 
 One possible explanation of the difference in energy and carbohydrate 
consumption is that at baseline, the athletes were in pre-season and were required to eat 
in the university-dining hall for all three meals. Unlimited access to food during all meals 
may have caused athletes to eat more than usual. Since most athletes live off-campus 
(n=16), their pre-season meals may not have been a true representation of their normal 
eating habits, which were reported post-intervention. Despite having access to healthy 
snacks during the 8-week study, other barriers such as such as lack of time and limited 
meal preparation skills could have led to decreased food consumption during the 
season.2,23  
 In addition to calories and carbohydrates, dietary fat and saturated fat mean intake 
significantly decreased; however fat consumption exceeded the fat and saturated fat 
recommendations at both points.21 Furthermore, almost all of the athletes consumed 
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excess fat and inadequate carbohydrates, implying that fat was replacing carbohydrates in 
their diets. This finding is consistent to current literature and also to the amount of 
packaged foods and fast foods seen in the athletes’ food logs.8,11,13 The prevalence of 
convenience foods also contributes to the high sodium intakes, which were above the AI 
at baseline and post-intervention. Although fat is a major source of energy, evidence that 
high-fat low-carbohydrate diets support high-intensity exercise is equivocal.16 While 
about half (n = 10) of the athletes met the protein recommendation of 1.2-2.0 g/kg at 
baseline, only seven met the recommendation during the post-intervention. Inadequate 
protein will hinder building muscle and recovery for these athletes.16  
 Energy restriction can lead to micronutrient deficiencies over time. While 
comparisons were made to the current RDAs, athletes may have higher needs for some of 
these nutrients.16 Although mean intake of vitamin C was adequate both pre and post-
intervention, mean intakes of vitamin D, vitamin E, and potassium were inadequate. The 
decrease in calcium intake post-intervention could be due to overall lower energy intake 
during the post-intervention. Since there are limited dietary sources of vitamin D, 
exposure to sunlight and possibly supplementation are often needed to meet suggested 
levels. Since the athletes in this study are practicing and competing outdoors, they may 
have higher endogenous levels of vitamin D. Low vitamin D intake, coupled with low 
calcium levels found post-intervention could be detrimental for bone health. Similar low-
levels of key micronutrients are seen in numerous other studies.4,6-8,24  
 A reduction in percent body fat is expected due to increased training and energy 
expenditure in-season, especially with the decrease in total energy intake during the 
season. 
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 There were several limitations in this study, including small sample size, self-
report bias, lack of mid-point dietary record, and absence of formal training for dietary 
records. Additionally, the athletes did not document actual snack bag consumption, nor 
did they return uneaten snacks.  
IMPLICATIONS FOR RESEARCH AND PRACTICE 
 Providing weekly snack bags did not improve dietary intakes of the athletes; 
however there are many other potential contributing factors to consider. Results of this 
study suggest that the athletes may benefit from additional resources. This could include 
nutrition education, team meals, cooking classes, coupled with continued food provision, 
such as the snack bag program. Although the provision of weekly snacks alone did not 
significantly improve dietary intake, future studies could couple nutrition education with 
food provision. 
 This study and others8,25,26 suggests that athletes face many challenges during 
their season that make it difficult to consume adequate calories and nutrients. Although, 
this pilot program was well-received by the athletes, future studies are needed to explore 
additional programming that may help overcome barriers and improve the dietary habits 
of athletes. 
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